Introduction {#sec1-1}
============

For many years, evaluation of umbilical cord morphology was restricted to the post-partum period and was performed by pathologists who demonstrated that a thin umbilical cord was associated with adverse pregnancy outcome.\[[@ref1][@ref2]\] A lean umbilical cord was reported to be associated with small-for-gestational-age (SGA) neonates by Raio and colleagues.\[[@ref3]\] Goynumer *et al*, found significant differences in mean gestational age, mode of delivery, birth weight, and adverse perinatal outcome between fetuses with umbilical cord thickness below the 5^th^ centile (lean umbilical cord) vs. those with umbilical cord thickness above the 5^th^ centile (non-lean cord) in the first and early second trimesters of gestation.\[[@ref4]\] In a study on fetuses with sonographically measured low umbilical cord cross-sectional area, Ghezzi *et al*, found a significant relationship between umbilical vein cross-sectional area below the 10^th^ percentile and adverse neonatal outcome.\[[@ref5]\]

Nomograms have been constructed for diameters of umbilical cord and umbilical vein and arteries by Weissman *et al*\[[@ref6]\] for umbilical cord thickness between 18^th^ and 23^rd^ weeks of gestation by Predanic *et al*,\[[@ref7]\] for cross-sectional areas of umbilical vein, artery, and Wharton\'s jelly between 24^th^ and 39^th^ weeks of gestation by Togni *et al*,\[[@ref8]\] and for umbilical cord and vessel diameters in the first trimester in Thai fetuses by Phaloprakarn *et al*.\[[@ref9]\] The association between a low umbilical cord coiling index (UCI) and antenatal and perinatal complications was demonstrated by Gupta *et al*.\[[@ref10]\] In a study performed by Predanic *et al*, abnormal umbilical cord coiling in the second trimester was associated with higher prevalence of SGA fetuses.\[[@ref11]\]

This study examines the value of umbilical cord thickness, cross-sectional area, and coiling index in predicting pregnancy outcome.

Materials and Methods {#sec1-2}
=====================

Institutional review committee approval as well as patients' written informed consent was obtained prior to conducting the study. This prospective study involved 255 pregnant women undergoing routine USG evaluation between January 2010 and January 2011. The inclusion criteria were: (1) singleton gestation, (2) reliable gestational age (that was more than 20 weeks at the time of sonography), (3) normal amniotic fluid index (between 8--24 cm), and (4) presence of a three-vessel umbilical cord. Patients were excluded if there was any fetal congenital anomaly or any maternal disorder or complication of pregnancy (e.g., diabetes mellitus, hypertension, etc.) that might interfere with fetal growth or if the patient could not be followed till delivery for any reason.

Gestational age was based on a reliable last menstrual period or the earliest USG examination before 20 weeks of gestation. Routine pregnancy USG was performed in all cases and a normal amniotic fluid index was confirmed. Fetal anomaly was ruled out by an anatomic survey. Then, umbilical cord thickness, cross-sectional area, and coiling index were measured in a free-floating loop of umbilical cord using the software in the USG unit \[[Figure 1](#F1){ref-type="fig"}\]. All USG examinations were performed with standard USG scanners (Siemens G40, Siemens Medical Solutions, USA and GE Voluson 730Expert, General Electric Inc., USA), using a 3.5-MHz convex transducer. Each patient was included only once in the study.

![Tranverse USG shows the method of measurement of the cross-sectional area of the umbilical cord (dotted circle)](IJRI-21-195-g001){#F1}

Measurements were performed by marking the outer edges of the umbilical cord for thickness and by encircling the outer edge of the cord in transverse section for cross-sectional area \[[Figure 1](#F1){ref-type="fig"}\]; UCI was calculated as a reciprocal value of the distance between the inner edge of one artery to the outer edge of the same artery at the adjacent umbilical twist along the ipsilateral cord side.

Patients were followed till delivery; maternal age, gestational age at the time of delivery, presence of meconium-stained amniotic fluid, and neonatal birth weight were recorded. The newborns were considered as low birth weight (LBW) when the birth weight was below 2500 g. Macrosomia was defined as birth weight above 4000 g. Apgar score was assigned low if below 7. Meconium-stained amniotic fluid was considered to be present when the fluid was opaque and not watery. Umbilical cord diameter, cross-sectional area, and coiling index were considered low if below the 10^th^ centile and high if above the 90^th^ centile (10^th^ and 90^th^ centiles were calculated for each parameter using the data collected in our study).

Statistical analysis was performed using SPSS^®^ for Windows^®^ (Version 16.0). The values of continuous variables were presented as mean ± standard deviation. Pearson correlation test and chi-square test were used for data analyses. *P*\<.05 was considered significant. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated.

Results {#sec1-3}
=======

During the study period, 223 patients met the inclusion criteria. The mean maternal age was 28 years (range 18--45 years). Most patients delivered at term and the mean gestational age at delivery was 38.009±1.6 weeks (range: 32--43 weeks). The mean birth weight was 3372.12±440.7 g (range: 1950--4350 g). Most newborns had normal 5-min Apgar score although the range was between 4-10.The delivery data is listed in [Table 1](#T1){ref-type="table"}. [Table 2](#T2){ref-type="table"} shows the descriptive statistics for umbilical cord thickness, cross-sectional area, and coiling index, along with the calculated 10^th^ and 90^th^ percentiles that were used to stratify the umbilical cords into lean/non-lean and hypo/normo/hypercoiled groups.

###### 

Delivery data

![](IJRI-21-195-g002)

###### 

Descriptive statistics for umbilical cord anthropometric parameters

![](IJRI-21-195-g003)

When the proportion of LBW neonates was compared between these groups, it was found that LBW was strongly associated with umbilical cord thickness and cross-sectional area below the 10^th^ percentiles (*P*\<0.01 for both). However, there was no statistically significant correlation between LBW and UCI \[[Figure 2](#F2){ref-type="fig"}\].

![Chart shows the incidence of low birth weight (LBW) in groups with normal and abnormal umbilical cord parameters](IJRI-21-195-g004){#F2}

The sensitivity, specificity, PPV, and NPV of cord thickness and area of cord for predicting LBW were also calculated and are shown in [Table 3](#T3){ref-type="table"}.

###### 

Predictive values of umbilical cord thickness and crosssectional area for low birth weight

![](IJRI-21-195-g005)

When the 5-min Apgar scores were stratified according to the umbilical cord anthropometric percentiles, we found that of the 14 neonates with low Apgar scores, eight had normal umbilical cord thickness, seven had normal umbilical cross-sectional area, and 12 had normal UCI. Using the Pearson correlation test, we found no statistically significant correlation between 5-min Apgar scores and umbilical cord thickness (*P*=0.25, Pearson\'s r=0.076), umbilical cord cross-sectional area (*P*=0.442, Pearson\'s r=0.052), or UCI (*P*=0.648, Pearson\'s r=-0.031).

There was significant association between meconium-stained amniotic fluid and umbilical cord thickness (Chi-square value 42.783; degrees of freedom 2; *P*\<0.001) and cross-sectional area (Chi-square value 55.671; degrees of freedom 2; *P*\<0.001). No statistically significant correlation was found between meconium-stained amniotic fluid and UCI (Chi-square value 5.706, degrees of freedom 2; *P*=0.058) \[[Figure 3](#F3){ref-type="fig"}\].

![Chart shows the incidence of meconium-stained amniotic fluid in groups with normal and abnormal umbilical cord thickness, cross-sectional area, and coiling index](IJRI-21-195-g006){#F3}

Discussion {#sec1-4}
==========

It is believed that Wharton\'s jelly protects the umbilical cord vessels and so a reduction in its amount -- due to extracellular dehydration or due to reduction in extracellular matrix -- may predispose these vessels to compression or bending.\[[@ref3]\] Reduction in wall thickness of the umbilical cord arteries and vein has been found in intrauterine growth retardation (IUGR) infants with abnormal umbilical artery flow as compared to IUGR infants without increased umbilical artery resistance.\[[@ref12]\] So it can be concluded that reduction in umbilical cord thickness and diameter can compromise fetal growth. The present study is in agreement with previous researches that have shown association between umbilical cord thickness or cross-sectional area with IUGR, LBW, or meconium staining.\[[@ref3]--[@ref5]\] However, in contrast with some of those studies, in our study we examined a free floating loop of umbilical cord (and not necessarily the site of insertion of the cord at the abdomen).

We did not find any correlation between the USG measurements and the 5-min Apgar score.

Pediatricians consider the Apgar score as a practical method for urgent systematic evaluation of a newborn to detect the need for resuscitation. A low Apgar score is the result of a relatively acute and short-term insult. LBW, on the other hand, maybe due to IUGR, preterm delivery, or both, and is a major factor affecting neonatal and infantile mortality. It has been directly correlated to the infant mortality rate in different countries.\[[@ref13]\] LBW likely reflects a severe and long-term pathological process, which is more likely to be associated with decrease in the Wharton\'s jelly content of the umbilical cord. This is probably why the umblical cord indices predict LBW better than the Apgar score.

No statistically significant difference was noted between umbilical cord thickness and cross-sectional area in predicting LBW and meconium staining.

Degani *et al*, showed statistical correlation of hypocoiled umbilical cord with SGA in the early second trimester.\[[@ref14]\] Predanic *et al*, showed an association between UCI and SGA, but did not find any correlation between UCI and a low 5-min Apgar score in the second trimester.\[[@ref11]\] Our study did not show any correlation between UCI and LBW or low 5-min Apgar score. The reason for this difference between our findings and that of other authors might be as follows: we measured only one segment of the umbilical cord, whereas Degani *et al*, measured several segments. Also, the two above studies examined the cord in the second trimester, while we did so in the second half of gestation. It can be postulated that coiling is not uniform throughout the cord length, and as a consequence occasionally, USG-measured UCI is not a good indicator of the true coiling of the umbilical cord (in contrast to the data from some previous studies).\[[@ref15][@ref16]\] As a result UCI does not show any correlation with birth weight or other clinical measures in the newborn. One other hypothesis may be that there is progressive inhomogeneity in the coiling pattern of the umbilical cord with increase in gestational age, so that studies performed earlier in the course of gestation (for example, in the second trimester) allow more accurate measurement of umbilical coiling. Overall, to measure the UCI, evaluating several segments of the umbilical cord seems necessary.

In conclusion, our study confirms that umbilical cord thickness and cross-sectional area are easy to measure in a free loop of umbilical cord and both are correlated with LBW and meconium staining in the second half of gestation. Thus, routine antenatal assessment of umbilical cord thickness and area can be helpful in identifying fetuses at risk. If coiling is measured, we strongly recommend that several segments be examined to ensure a more accurate estimation.
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